Introduction
Brain disorders, already common, are increasing in incidence worldwide, based on factors such as the epidemiologic transition from infectious to noncommunicable disease and the aging of populations in most countries. At the same time, there are clinically significant gaps in current treatments, resulting in serious unmet medical need. Despite high and growing prevalence (Chan et al., 2013; Herbert et al., 2013) , enormous contributions to disability worldwide (Vos et al., 2012) , and substantial economic burden (Bloom et al., 2011; Hurd et al., 2013) , there are no disease-altering therapies for neurodegenerative disorders; there are no treatments for the core symptoms of autism or the disabling cognitive or deficit symptoms of schizophrenia; and large numbers of individuals with epilepsy, depression, brain injury, and posttraumatic stress disorder gain little benefit from current treatments. Despite the substantial commercial opportunities that exist, attempts to discover effective, mechanistically new medications to treat nervous system disorders have proven so difficult that many companies have retreated from the field (Paul et al., 2010; Insel, 2012) . Compared with other disease areas, failure rates in late-stage clinical trials are disproportionately high for neurologic and psychiatric disease based, in part, on the complexity of the human brain, the difficulty of examining it directly in life, and significant evolutionary obstacles to the development of animal models that predict treatment drug efficacy, especially for disorders that affect the cerebral cortex (Hyman, 2012) .
Overall, the scientific challenges to translational neuroscience research, taken together with the financial risks (see Choi et al., 2014 in this issue of Neuron; Insel et al., 2013) have discouraged new investment in treatments for brain disorders both in the U.S. and globally. A number of pharmaceutical companies have divested themselves almost entirely from neuroscience research programs; most have decreased their investment relative to other therapeutic areas such as oncology and cardiovascular disease (Table 1) (Miller, 2010; Abbott, 2011) . In 2013, the U.S. Food and Drug Administration (FDA) approved 27 new molecular entities, of which only four had indications for nervous system disorders; only two of these were therapeutic agents, with the other two being imaging agents (FDA, 2013) .
Across all disease areas, drug discovery and development are lengthy, costly, and risky processes. For disease areas such as neurology and psychiatry, where the science is less mature, the likelihood of failure may be so great and the financial risk to companies so high that even the existence of large populations in need of treatment may not be enough to encourage investment. The average cost of bringing a new drug to market in any disease area has been estimated to be greater than $1 billion. Even when successful, the time from the start of a discovery program to regulatory approval can take 12 to 15 years (Wegener and Rujescu, 2013) . Drugs intended to treat psychiatric or neurologic disorders, on average, have longer mean times to complete clinical trials and longer times to regulatory approval (Tufts Center for the Study of Drug Development, 2012). Given, in addition, the increased probability of late-stage clinical trial failures for central nervous system (CNS) drugs (Bunnage, 2011) , it is not surprising that leadership within the industry is increasingly investing elsewhere.
The greater risk and cost associated with treatment discovery and development for human brain disorders is directly related to the scientific challenges. In directing investment away from neurology and psychiatry, industry leadership points to several hurdles: (1) target identification and validation have lagged compared with other disease areas such as metabolism, infectious disease, and cancer; (2) significant disillusionment with use of animal models to predict efficacy; and (3) lacking biomarkers for most brain disorders, stratification of populations for clinical trial is difficult and often impossible, and endpoints must often be measured using subjective rating scales. Across all of the industry, companies are experimenting with ways of making drug development more successful and efficient (Pangalos et al., 2007) . What is critically needed for brain disorders is acceleration of scientific progress: better understandings of basic disease mechanisms and improved ability to translate such discoveries into biomarkers and therapeutics.
Given this context, the Institute of Medicine's (IOM's) Forum on Neuroscience and Nervous System Disorders has hosted a series of public workshops that brought together representatives of industry, government (including both research funding and regulatory agencies), academia, and patient groups to discuss these challenges and offer potential strategies to improve the translational neuroscience (IOM, 2007 (IOM, , 2008 (IOM, , 2009a (IOM, , 2011a (IOM, , 2011b (IOM, , 2011c (IOM, , 2012 (IOM, , 2013a (IOM, , 2013b (IOM, , 2013c (IOM, , 2013d ; http://www. iom.edu/neuroforum). The challenges and opportunities that the IOM has explored are summarized in a recent graphic reproduced in Figure 1 and are briefly discussed in the following text.
Challenges and Opportunities
The prevalence and burden of brain disorders ensure that leadership within industry, academia, and government does not forget them. As suggested, however, to spur new investment in this international enterprise, advances in science and new approaches to translation are needed. The key scientific challenges can be summarized as follows: mechanisms of disease, target identification and validation, predictive models, biomarkers for patient stratification and as endpoints for clinical trials, clear regulatory pathways, reliability and reproducibility of published data, and data sharing and collaboration.
Mechanisms of Disease
The human brain is arguably the most complex object of biological study, has significant recent evolutionary changes that are poorly modeled in animals, and cannot readily be studied in life. In contrast to other disease areas, such as cancer, surgical procedures that yield relevant tissue can almost never be undertaken, and in any case, most brain disorders are not cell autonomous. Given the large number of cell types in the brain, their diverse synaptic connections, and the complexity of neural circuit structure and function, deep understandings of disease mechanism remain difficult to achieve. Because the pathophysiology of brain disorders is generally poorly understood, it is difficult to identify promising molecular targets and validate them. Without better understanding of disease mechanisms, it is also challenging to construct predictive animal models. Alzheimer's disease (AD), for which both neuropathology and genetics have provided useful clues to pathogenesis, can serve as an example of the challenges for CNS therapeutics. AD is an area of intense focus in both academia and industry, with a major current effort to generate therapeutics based on the beta amyloid pathway while investigating other promising mechanisms. These efforts notwithstanding, neither the normal nor the possible pathogenic roles of beta amyloid peptides are well understood. Moreover, animal models that overexpress beta amyloid generally lack the key property of human neurodegenerative disorders: cell death. Mechanisms other than beta amyloid are also not well understood and are at an earlier stage.
While there is no substitute for relevant scientific discoveries, the production of better tools to interrogate brain function as well as disease mechanisms should prove generally useful, as will the judicious use of large-scale collaborative organization of science. Important tools that are under development include enumeration and characterization of neural cell types, a goal of the Brain Research through Advancing Innovative Neurotechnologies (BRAIN) Initiative (The White House, 2013), and characterization of neural connectivity that yields for small and large-scale circuits. Enhanced sharing of data and larger scale collaboration, as has been increasingly modeled in the genetics community, could help advance basic scientific knowledge about diverse diseases. For example, both genetics and cellular findings have revealed potential commonalities across neurodegenerative diseases that could contribute to development of therapeutics that may address more than one neurodegenerative disease (IOM, 2013b) .
Enhanced Target Identification and Validation
Target identification is a critical step in the drug discovery and development pipeline. Across all of medicine, genetics continues to provide important molecular clues to disease pathogenesis, but for brain disorders in which defects in synaptic communication and functional connectivity represent the primary pathology (e.g., epilepsy, mood disorders, posttraumatic stress disorder, schizophrenia), genetics may represent the only feasible path to molecular mechanisms. The genetic causes of rare Mendelian brain disorders, such as Huntington's disease and familial forms of AD, Parkinson's disease, and amyotrophic lateral sclerosis, have been revealed over the past 3 decades. Insight into polygenic brain disorders, including schizophrenia, bipolar disorder, and late onset forms of AD are well under way (Schizophrenia Working Group of the Psychiatric Genomics Consortium, 2014; Lambert et al., 2013) . These provide the greatest new opportunity to target identification in a generation (IOM, 2007 (IOM, , 2009b (IOM, , 2011a (IOM, , 2013b . Among the challenges that rare variants that have arisen more recently in human population history and have been less subject to evolutionary pressure than older common variants rarely act in Mendelian or near-Mendelian fashion. Thus, systems biology approaches, which often require new celltype-specific molecular information, are likely to prove critical. Target validation is an iterative process of increasing confidence in a target, which can be conceptualized as continuing through phase 3 clinical trials. In most disease areas, however, apparent efficacy in an animal model of disease represents an important step in validation and, within industry, may represent an important ''go/ no-go'' decision point prior to reaching the clinic. For CNS disorders, however, the increasing concerns about the predictive validity of many current animal models must be addressed if industry is to reinvest. To put the concern directly, many companies have come to the view that current putative brain disease models and animal-based assays of drug action are likely screening out potentially efficacious drugs and screening in drugs that will not demonstrate efficacy in clinical trials. There is growing agreement that there are no animal models of psychiatric disorders such as schizophrenia or depression that capture the relevant pathophysiology. It has been argued (discussed later) that, at least in the near term, models of specific disease components may be possible if attention is paid to the evolutionary conservation of relevant mechanisms to the human. For example, the long-standing failure to develop analgesic drugs with new mechanisms (e.g., beyond opiates, nonsteroidal anti-inflammatory drugs, and some anticonvulsants) has been thought to reflect, in large part, the use of animal-based assays of both acute and chronic pain that do not correspond well to the human situation (Mogil, 2009) . In psychiatry, antipsychotic and antidepressant drugs were discovered serendipitously when prototype drugs were administered to humans for other indications. Assays developed with these drugs, such as amphetamine-induced hyperlocomotion for antipsychotic drugs and forced swim and tail suspension for antidepressant drugs, have, over decades, only detected molecules that share a mechanism with 1950s prototypes and, with few exceptions, have not advanced efficacy (Hyman, 2012) . Approaches to produce better predictive models, whether based on cells, animals, or human biology, have been a critical area of discussion within the meetings organized by the IOM Neuroscience Forum.
Along with the process of target validation, it is critical to establish that therapeutic levels of a drug can be reliably delivered to the brain; that, at those levels, the drug binds its target and modifies the disease pathway in the desired directions. Absent such information, a clinical trial cannot test the target validation hypothesis. While this may seem obvious, there are many clinical trials in recent CNS research in which companies have been uncertain as to whether a prior failure truly tested a hypothesis. Lack of attention to these factors, along with failures to publish underlying data, leads to costly and futile repetition of failures. Such concerns are now being addressed by some funding agencies, including the NIH (http://www.nimh.nih.gov/about/ director/2014/a-new-approach-to-clinical-trials.shtml).
Beyond drug properties, validated biomarkers are critical to confirming nervous system targets (IOM, 2007) . For example, many failed clinical trials meant to test the beta amyloid hypothesis were undercut by the inclusion of patients with dementia caused by Lewy body disease rather than AD (Jack and Holtzman, 2013) and by the inclusion of a significant number of patients in some of these trials with amyloid imaging signals below predetermined thresholds for amyloid positivity (Vellas et al., 2013) .
From the point of view of cost and efficiency, the ability to convincingly invalidate targets is nearly as important as validation (IOM, 2011a). For targets that are well along in the validation process, first-in-human trials might be used to generate validation data, a concept that will be explored further on, and might be another approach for accelerating the drug development pipeline (IOM, 2013a).
Animal and Nonanimal Models of Disease Mechanisms
The failure of animal models to predict accurately the efficacy of drugs with new mechanisms for nervous system disorders has been a central problem in drug development (IOM, 2013c) . Using animals to study nervous system disorders can be especially difficult, at least in part because of the differences between animals and humans in cell types, transmitter function, and anatomy. Given the heterogeneity of common human diseases and evolutionary difference between humans and laboratory animals, it is highly unlikely that any single model, tool, or technique could provide a complete picture of a disease. Reliance on single models as efficacy gates or on a suite of models that is too narrow has likely contributed to failures in CNS drug development. Developing and integrating new approaches that utilize combinations of animal and nonanimal models of disease mechanisms, along with new tools, technologies, and techniques, might illuminate the underlying biological mechanisms of diseases and improve target identification, validation, and therapeutic development (IOM, 2013a (IOM, , 2013c .
Animal models may be valuable at capturing a particular aspect of a disease or studying the function of a specific molecular target, but animal models cannot be expected to recapitulate the full mechanism or symptomatology of a human disease. Therefore, animal models are better thought of more narrowly, for example, as models of a particular disease mechanism and not a complete model of a disease (IOM, 2010a (IOM, , 2013c . Doing so will help ensure that an animal model serves as one of many important tools to study and validate disease mechanisms and targets and that results derived from animal model studies are not overenthusiastically interpreted and publicized as evidence that the investigational agent will provide therapeutic benefit in the human disease.
Although animal models can reasonably assist in the prioritization of compounds for a validated target, they are not always as useful in prioritizing compounds aimed at novel targets. The absence of an animal model for recurring mood disorders (e.g., bipolar disorder) is one such example (Banasar et al., 2011; Manji et al., 2001; Savitz et al., 2013) . Animal models do not always accurately predict dose, efficacy, and research priority. Some of these failures relate to the lack of understanding of the mechanisms for disease; how can successful animal models be created based on unknown mechanisms? Another explanation for these failures might not be poor animal models but, rather, researchers prematurely moving forward with answers from models without systemically validating the data across multiple animal and nonanimal disease models. In addition, translation of behaviors is especially problematic and presents a challenge in deciphering results; this challenge can be a significant barrier to developing drugs for nervous system disorders with a behavioral component (e.g., depression or anxiety).
Emerging tools and technologies (e.g., induced pluripotent stem cells, humanized animal models, computational neuroscience) provide important opportunities to further elucidate mechanisms of diseases and assist in identifying and validating drug targets (IOM, 2013a). For example, stem cell technologies can be used to model ''human'' disease pathology at the cellular level and, in some cases, may be a faster and better alternative to animal models. Humanized animal models-developed by engrafting human tissue stem cells into mice-may help improve understanding of nervous system disorders and identify mechanisms of disease. In addition, it is important to take into account potential sex differences in animal models, which have been shown to impact data reproducibility and their utility (Clayton and Collins, 2014; IOM, 2010a) . Computational neuroscience in conjunction with neuroimaging might aid in understanding the Neuron 84, November 5, 2014 ª2014 Elsevier Inc. 549 underlying neurobiological mechanisms of diseases; imaging technologies might be helpful in this regard as well (IOM, 2013a; Manji et al., 2014) . However, it is important to note that, like animal models, these tools and technologies do not fully mimic or recapitulate human diseases and disorders.
An initial focus on human phenotypes rather than animal models might also provide an opportunity to better inform the drug discovery process (IOM, 2013a) . A specific issue addressed by the IOM 2012 workshop (IOM, 2013a) was under what circumstances it would be both ethical and practical to proceed directly in the patient population with little or no animal efficacy data. Furthermore, to ensure the humane care and use of animals, numerous laws, policies, and regulations are in place governing the use of animals in research, and certain animal regulations have implications specific to neuroscience research. However, there is minimal harmonization of these rules between different countries, which can inherently create challenges for the international research enterprise (IOM, 2012) .
Clinical Trials
For many mental and neurological disorders, determining the prospects of a drug requires clinical testing, which is difficult and expensive and beleaguered by challenges such as patient heterogeneity, a lack of biomarkers, subjective and insensitive rating scales, enrolling patients at the earliest stage in their disease progression, and lengthy trial durations. Success rates for new drugs in phase 2 clinical trials have fallen to less than 20%, whereas the number of preclinical drugs needed to yield one approved drug has more than doubled (Arrowsmith, 2011) . Unlike in other fields, detailed clinical phenotyping and endotyping are not always present, even though failures of clinical trials are almost always predictable due to the known heterogeneity of the patient population. This heterogeneity necessitates larger, more complex, and thus more expensive clinical trials. Alternatively, precision medicine and improved patient stratification may alleviate the need for large trials.
The paucity of suitable biomarkers might be another cause of the slowdown in developing therapeutics (IOM, 2007) . Biomarkers can enhance target validation and determination of efficacy, but the process and resources necessary to develop candidate biomarkers into reliable tools are too great for academic researchers. On the other hand, industry does invest significantly in the development of biomarkers; however, the challenge has been that the development and validation of such markers frequently lags behind the development of the therapeutic molecule. Biomarker development might not be considered a priority by academic, government, and industry research programs, despite the potential for biomarkers to propel drug discovery forward. The critical importance of target engagement biomarkers and/or pharmacodynamic biomarkers in demonstrating functional modulation of the targeted pathway in the appropriate compartment in humans has been convincingly demonstrated by a landmark study in which a retrospective analysis of Pfizer early development programs was performed (Morgan et al., 2012) . The major findings from this study were not only that available target engagement and pharmacodynamics biomarkers provided confidence that the intended therapeutic mechanism of action was adequately tested in the clinical experiment, but also that, in the cases where such markers were available and shown to be sensitive to drug treatment, there was a higher probability of achieving a positive proof of concept in the clinic. More recently, a similar retrospective analysis of early development programs at AstraZeneca has corroborated these findings and, more specifically, shown that projects with efficacy biomarkers available at the start of their clinical testing had a greater prospect of advancing to the next level of testing (Cook et al., 2014) .
The lengthy time for conducting clinical trials, especially preventative trials, is another particular challenge for mental and neurological disorders (see Choi et al., 2014) . For example, AD is a progressive disease, with the degenerative condition developing decades prior to the onset of clinical symptoms. Balancing the resources and commitment with the risks is a significant hurdle to investments in preventative clinical trials. Together, these challenges to conducting clinical trials-coupled with a low success rate-are, in part, hindering translation of preclinical compounds into the clinical space. What is the impact of a lack of phenotyping and endotyping on the identification and validation of targets? How could the development of biomarkers be accelerated? How might extending the patent life of therapeutics increase the attractiveness for conducting lengthy clinical trials?
There is also a need for better patient stratification due to the high heterogeneity of patients with a nervous system disorder (IOM, 2007 (IOM, , 2013a . Through clinical phenotyping and identification of common genetic variants, small clinical trials of homogeneous populations could be useful to establish proof of concept and further understanding of disease pathogenesis (Fishman, 2013; Leaf, 2013) . In particular, populations such as those with rare disease mutations could be used as human ''knockout'' experiments to highlight shared and divergent mechanisms of disease.
Recognizing the daunting challenge of both biomarker discovery and validation and therapeutic development for CNS disorders, a number of public-private partnerships have been established that bridge organizational and international boundaries to drive progress via collaborative efforts. This is no better exemplified than by the Alzheimer's Disease Neuroimaging Initiative (ADNI; http://www.adni-info.org), a longitudinal study started in 2005 to discover and validate fluid and imaging biomarkers in AD progression. The success of ADNI is undisputed, as evidenced by its catalyst to form ADNI 2 to study rate of disease progression, and the data derived from ADNI form the basis for our current diagnosis of AD in its earliest form. Coordinated efforts in therapeutic development include the Dominantly Inherited Alzheimer's Network (DIAN; http://dian-info.org), an international collaboration funded by the National Institute on Aging to study rare forms of AD caused by gene mutations, and the European Platform for Proof-of-Concept for Prevention in Alzheimer's Disease (EPOC-AD), an effort catalyzed by the European Innovative Medicines Initiative (IMI) to establish registries of AD patient cohorts for clinical trials and to implement adaptive trial design principles to accelerate proof-of-concept clinical studies.
Pharmaceutical companies, academic researchers, and government agencies compile large quantities of clinical research data that-if shared more widely, both within and across sectors-could improve public health, enhance patient safety, and spur drug development (IOM, 2013d) . Clinical trials, ongoing and completed, offer a wealth of information and opportunities.
Through the incorporation of new biomarkers, trials may identify surrogate markers and shed light on future analysis (Manji et al., 2014; IOM, 2013d) . Sharing of data from clinical trials, either successful or failed, could also be used to develop new hypotheses. However, much of the data generated by clinical trials are not public or shared beyond the data holder, and significant barriers to sharing these data exist. Therefore, a framework is required to ensure the responsible sharing of clinical trial data (IOM, 2013d) ; such a framework is currently being developed by the IOM (2014). Streamlined and Updated Regulatory Approval Pathways Current regulatory processes may, at times, slow the drug development pipeline. Training and increased clarity around requirements for obtaining approval of an investigational new drug application-including safety pharmacology; extensive toxicity testing; and testing for absorption, distribution, metabolism, and excretion-might facilitate easier and faster regulatory approvals. The validation of surrogate markers, especially those that can be used in lengthy prevention trials, is also needed. Accelerated and conditional approval pathways could provide another strong mechanism for accelerating the drug development pipeline; however, increased knowledge about and willingness to use these pathways for nervous-system-disorder drugs are needed (see Choi et al., 2014) . Furthermore, the heterogeneity and complexity of the pathophysiology of many neuroscience disorders suggest that a single drug is not likely to be as effective for any given disorder. Rather, multipronged approaches to treatments, whether combinations of drugs, behavioral therapies and psychotherapies, or devices, may be required to effectively treat some disorders. However, at this stage, there is limited research exploring these options. For the limited areas where there are clinical data, the regulatory mechanisms for these types of combination therapies are not well developed (IOM, 2013a) , and reimbursement policy is unclear. Reliability and Reproducibility of Published Data Reproducibility remains a critical issue for translation. The ability to rely on published data and process those data from one lab to another is critical for the successful translation of discovery research. The issues of reproducibility in basic and translational research are spilling over to the development of drugs. On the one hand, industry has the capability for rapid validation and determination of efficacy; however, the need to rely on the quality of preclinical data can hinder efforts (Prinz et al., 2011) . Combined, these factors mean that the development of one drug takes longer and, in the end, requires a greater financial commitment. As previously mentioned, these challenges have led some companies to move away from drug development in areas that are particularly difficult. Even a broad look at the issue makes the complexity apparent: is the problem rooted in basic research outcomes and reporting, the translation from preclinical to clinical research, the design and execution of clinical trials, or all the above? How can decisions regarding when to go into clinical trials be made when the scientific validity and reproducibility of preclinical data are in question? How can the translation of studies and development of drugs be improved if the reproducibility and reliability of the foundational studies are low?
Current research paradigms might need to change, particularly for preclinical studies (IOM, 2013a (IOM, , 2013c . It might be beneficial for preclinical studies to have rigorous standards, similar to clinical trials, to ensure sound research design and credible statistical analyses. This, in turn, could improve the reproducibility of preclinical studies, which is a major challenge for the field and a stumbling block for successful translation and movement along the drug development pipeline. One mechanism that might enhance reproducibility is the development of mechanisms to share preclinical experimental designs, data, and results in an accessible repository.
Multiple journals are actively working to develop and promote mechanisms for increasing the reproducibility and transparency of research. For example, Nature and the Nature research journals are introducing measures to ensure that methodological details are reported in full by providing more space for methods. The editors have also indicated that authors will be encouraged to include raw data in submissions and that statistics will be more closely examined. In a similar effort, Science will be adding members to their board of reviewing editors who have the statistical knowledge to carefully review and scrutinize data analysis methods. In addition, Science is adopting recommendations to increase transparency, including asking authors to indicate if there was a pre-experimental plan for data handling, if sample size estimations were conducted, whether samples were treated randomly, and if the experimenter was blinded. Many of these changes correspond to recommendations from a workshop hosted by the National Institute of Neurological Disorders and Stroke (Landis et al., 2012) . Mechanisms for promoting best practices for preclinical studies include reporting of sample size estimations, randomization, treatment blinding, and the handling of data.
The NIH is also tackling issues of reproducibility (Collins and Tabak, 2014) . NIH is currently developing training modules on enhancing reproducibility and increased transparency. Mandatory training for NIH intramural postdoctoral fellows will include responsible conduct of research, with an emphasis on good experimental design. In addition, several NIH institutes are developing and testing mechanisms to more systematically evaluate grant applications. NIH, working with publishers and industry, is also considering other ways to increase the transparency of published data and to improve reproducibility.
Last, another important consideration that has come up for much discussion concerns the question of publication bias or, more specifically, the overrepresentation of positive data in the published literature and corresponding underrepresentation of negative data (IOM 2013a (IOM , 2013c (IOM , 2013d . The current incentive schemes for publication do not adequately provide for the consistent publication of negative findings, which can frequently be lost to the field and also can result in unnecessary duplication of efforts across laboratories. In this regard, there is currently a dichotomy between publication of clinical and preclinical research as it is commonplace to find publication of clinical study outcomes regardless of whether the primary endpoints of the study were met. Moreover, clinical study protocols include prespecified endpoints with statistical calculations of anticipated effect sizes and associated power calculations and a prestated plan for data handling and reporting. Such rigor is consistently lacking in preclinical research reporting and undoubtedly contributes to the bias toward publication of positive findings. Can
Neuron 84, November 5, 2014 ª2014 Elsevier Inc. 551 Neuron Perspective we achieve the right balance for reporting of both positive and negative findings in preclinical research and ensure that the latter is valued and incentivized? Collaboration and Data Sharing Improving and accelerating the drug development pipeline for nervous system disorders can only occur if the scientific community (academia, industry, and government) comes together in the precompetitive space to discuss the challenges and opportunities to move the field forward as a whole. The field has finally reached the point where success cannot be achieved independently. The organizational challenges in the drug development pipeline are daunting. One of the largest challenges is that the majority of the field is working competitively on the same few targets. Grant review, especially in times when funding is tight, does not reward high-risk research. As a result, most research focuses on a select number of target and strategies. For example, 75% of all protein research is performed on the 10% of proteins that were identified prior to the mapping of the genome. Although the human genome encodes for over 500 kinases, of the over 20,000 papers published in 2009 on protein kinases, 65% focused on 50 proteins that were researched back in the 1990s (Edwards et al., 2011) .
Innovation has also been hampered, in part, because of the absence of strong collaborations and cross-training with disciplines outside the neurosciences such as engineering, chemistry, physics, and mathematics (IOM, 2008 (IOM, , 2010b (IOM, , 2012 . The ability to develop the tools and technologies needed to explore an organ as inaccessible as the brain is likely hindered by the division of fields, which has led to an absence of new ways to think about fundamental questions. For the field to make breakthrough findings, stronger collaborations will be needed across disciplines that are not traditionally viewed as being part of the neuroscience community; for example, system engineering, computational mathematics, and computer science (IOM, 2008 (IOM, , 2013a .
There is a need to ''de-risk'' research throughout the drug discovery process through sharing of risk and collaboration across sectors (IOM, 2007 (IOM, , 2009a (IOM, , 2009b (IOM, , 2011a (IOM, , 2011b (IOM, , 2013a (IOM, , 2013d . Resources could be saved, attracting companies to reinvest in nervous-system-disorder drug discovery. As discovery research advances and becomes increasingly resource intensive and challenging, researchers could gain confidence and increase the probability of success through greater collaboration. No one group will be able to solve the challenges associated with developing therapeutics; therefore, incentives, both financial and in career development pathways, are needed to ensure that effective collaborations take place, including the rapid sharing of positive and negative data.
Conclusions
Given the challenges surrounding current therapeutic development practices for nervous system disorders, a focus on the ability to predict outcomes and determine which steps are or are not informative in the development pipeline would likely be helpful. It is important to recognize the limitations related to ''de-risking'' research, target identification and validation, the regulatory process, clinical trials, and reproducibility. Although clinical outcomes cannot be predicted and additional research is needed, new and emerging strategies, tools, and technologies are being developed that could potentially improve the drug development process. Strengthened research on potentially common disease mechanisms and the use of animal and nonanimal models of mechanism will also advance early-stage drug research and development. Furthermore, patient stratification, target identification based on human data, systematic evaluations of failed clinical trials, open data sharing among researchers, a centralized database for preclinical trials, increased collaborative efforts and decreased replication, and improved guidance on regulatory issues are just a few potential solutions. Novel approaches and infrastructure changes to the current drug development pipeline might improve the efficacy of research and support a more efficient process. Although there are several bottlenecks in the current pipeline, there are many opportunities to facilitate drug discovery, development, translation for nervous system disorders through changes in methodological approaches, shifts in current processes, and modifications to the infrastructural components in drug development.
